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ABSTRACT 



This is a two-part curriculum package for teaching the 
structure of atoms. The first part- -the Teacher's Guide- -contains information 
necessary for using the equipment in a typical classroom including learning 
goals, vocabulary, math skills, and sample data for each activity. The second 
part of the package consists of photocopy masters for a set of student 
activity guides, a cut-and-paste quiz builder, and scoring rubrics for 
assessment of those activities. The photocopy masters are designed for copy 
and use in the classroom. Most experiments have three skill levels to 
accommodate students from a wide range of grades and abilities. Level A 
activities lead students through a basic understanding of atomic structure 
and atomic bonding. Students learn about the role of atoms as nature's 
building blocks. In Level B, the same concepts are introduced as in Level A 
but at an accelerated pace and in greater depth. Both levels use the Atom 
Building Game to reinforce concepts through visualization and manipulation. 
Level C builds on concepts introduced in Level B, with atomic and nuclear 
applications: atomic spectra and nuclear decay. The Activity Guides are 
written to provide a framework for encouraging students to observe and learn 
science process skills as well as content. (PVD) 
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BEST COPY AVAILABLE 



The CPO Curriculum Package 

This curriculum package has two parts. The first part is the Teacher’s Guide, 
which includes information necessary for using the equipment in a typical 
classroom. The second part of the package consists of a photocopy masters for a 
set of Student Activity Guides, a cut and paste Quiz Builder, and Scoring 
Rubrics for assessment of the Activities. These photocopy masters are designed 
to be copied and used in the classroom. 

Most of the experiments have three skill levels to accommodate students from a 
wide range of grades and abilities. 



Teacher’s Guides 



Photocopy Masters 



An elementary review of key con- 
cepts to be used in the experiment 

Experimental techniques, 
measuring tips, and equipment 
maintenance 



• Classroom ready Activity 
Guide worksheets 

• Self guiding illustrated set 
up and procedure for 
hands-on activities 



• Learning goals for each level 

• Vocabulary for each level 

• Math skills checklists for each level 



• Includes writing space, 
discussion questions, 
graph paper, and data 
tables 



• In-depth reference, with a review of 
mathematical techniques and 
derivations 

• Detailed discussion of answers and 
lab results for each Activity Guide 

• Detailed discussion of Assessment 
questions and derivations of 
answers 



• Activity Guides can be 
collected for 
portfolio/performance 
assessment 

• Customizable cut and 
paste Quiz Builder 

• Scoring Rubrics for 
weighted assessment of 
each Activity 
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Level A 

Suggested Curriculum Sequence 





Simple Machines 

Force 

Work 

Energy 




ROPES AND PULLEYS 






Energy 

Speed 

Graphing 




ROLLERCOASTER 




Simple Machines 
Angles 
Rotation 
Work 



GEARS AND LEVERS 




SOUND AND WAVES 



CD 

The Elements 
Chemical Equations 




PERIODIC PUZZLE 
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Level B 

Suggested Curriculum Sequence 



tv/' 












© 

Motion in a Line 
Speed and Acceleration 
Graphing 



GRAVITY DROP 




Force and Newton’s Laws 
Uniform Acceleration 
Multiple Variables 



CAR AND RAMP 




Circular Motion © 
Rotating Machines 
Angles, Degrees, and Radians 
Torque 



GEARS AND LEVERS 




PENDULUM 



® 

Electricity and Magnetism 



ELECTRIC MOTOR 





The Elements 
Chemical Equations 




MARBLE LAUNCHER 



© 

Simple Machines 
Work and Energy 



ROPES AND PULLEYS 



© 

Conservation of Energy 



ROLLERCOASTER 





© 

Sound and Music 
Frequency and Wavelength 




SOUND AND WAVES 



Atomic Structure, 
Bonding and Valence, 
Atoms, Ions, and Isotopes 




ATOM BUILDING GAME 



PERIODIC PUZZLE 
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GRAVITY DROP 



Level C 

Suggested Curriculum Sequence 

CD 

The Acceleration of Gravity 

Uniform Accelerated Motion in One Dimension 

CD 

Vectors and Trigonometry 
Accelerated Motion in a Plane 




CD 

Force and Newton’s Laws 
Friction 

The Physics of the Inclined Plane 




MARBLE LAUNCHER 



© 



Simple Machines 
Work and Energy 




Circular Motion 




GEARS AND LEVERS 





Rotating Machines 
Angles, Degrees, and Radians 
Torque 

© 

Kinetic and Potential Energy 
Conservation of Energy 

© Rotation 

Harmonic Motion 

Time, Frequency, and Period 

® 

Harmonic Motion 
Resonance 
Frequency and Wavelength 



ROPES AND PULLEYS 




ROLLERCOASTER 



CD 

Simple Electric Circuits 

Magnetism 

Work and Energy 



Interference 



SOUND AND WAVES 



ELECTRIC MOTOR 
PERIODIC PUZZLE 



Valence © 

Chemical Equations 






Valence and Bonding 
Atoms, Ions, and Isotopes 
Atomic Spectra and Lasers 
Radioactive Decay 




ATOM BUILDING GAME 
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Organization of the Teacher's Guide 



The Reference chapter provides a deeper level of background, 
especially the mathematical tools used in the activities. 



Reference 



The Assessment Package, together with the Scoring Rubric 
and Quiz Builder Masters, provides a customizable test builder . 



Assessment 



The Level C chapter presents Learning Goals, Vocabulary, 
Math Skills, answers, and sample data for Level C activities. 



Level C 



The Level B chapter presents Learning Goals, Vocabulary, 
Math Skills, answers, and sample data for Level B activities. 



The Level A chapter presents Learning Goals, Vocabulary, 
Math Skills, answers, and sample data for Level A activities. 



The Introduction chapter gives a review of the key con 
cepts used in the experiment, and detailed descriptions 
of the set up, use, and maintenance of the equipment. 



Level B 




Organization of the Photocopy Masters 

Photocopy Masters of Activity Guides, Scoring Rubrics, and Quiz Builders are 
included at the end of the Teacher's Guide. The sections are identified by the 
legend in the page footer. Activity guides are further identified by the square 
icon in the upper right corner. 












Student Activity Guides 



The Activity Guides are comparable to classroom lab procedures and are meant to provide a structure 
for guiding the students’ exploration through a particular experiment. Activity Guides are provided at up 
to three skill levels which differ in both language and content. The table below provides an overview of 
the three levels and the approximate grade range for which each is intended. Please note that the grade 
ranges are only approximate. Which level you use is dependent on the skill set and motivation of your 
students. 



Level A 

Introductory level 
for late 
elementary or 
middle school 

(Grades 5-9) 


• Learn to be comfortable with numbers and measurements, 
and analytical thinking 

• Practice using simple mathematical tools, such as 
multiplication, division, and ratios without formal 
mathematical language (i.e. no equations) 

• Explore key concepts such as speed, force, and work 

• Develop qualitative understanding of concepts through 
observation of patterns in measurements 


Level B 

Advanced middle 
school, 

introductory high 
school level 

(Grades 8-12) 


• Use measurements to discover quantitative rules of nature 

• Extend mathematical tools to introductory algebra, simple 
geometry, functions such as square roots, discussion of 
errors, and more complex graphing skills 

• Develop inquiry based scientific method, including 
quantitative testing of theory against measurement 


Level C 

High school 
physics, basic 
(non-calculus) 
college physics. 

(Grades 10- 
College) 


• Emphasis on rigorous deduction of physical laws through 
experimental and theoretical analysis 

• Emphasis on problem solving and extending concepts 
learned to complex experimental situations 

• Mathematical tools include trigonometry, algebra, 
geometry, and ideas from calculus (although no calculus) 
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Using the Three Levels 



The three level curriculum can be effectively used in many different ways. Science and math learning 
can be vertically integrated with common basic equipment. The same student may see the Atom 
Building Game in middle school at Level A, and again in high school at Level B or C. As the student’s 
skills grow, the same familiar equipment can be used to reach deeper comprehension. This process is 
akin to a child using a crayon to learn to draw and an adult artist using the same crayon in a much more 
sophisticated manner. 

Multiple level learning works between grades, but also within a single grade/classroom. The 
graduated skill levels encourage quicker learners to move on to more advanced exploration. Slower 
learners can succeed at basic levels, with each group working at a challenging but comfortable pace. 
With today’s heterogeneous school population the ability for groups to progress independently is 
crucial to providing an exciting and fulfilling learning environment. 

The Level A activities are complete in that they cover the chosen topics with the Level. The 
Activities were designed to meet national and state frameworks for math and science for the later 
elementary and middle school grades. Students may need calculators. 

Level B was designed for the advanced middle school class or introductory high school course. Level 
C is appropriate for high school physics or elementary college work. The B and C Levels are not 
independent, but together form a consistent progression from basic observation to complex 
analysis. In many cases the Level C activity assumes that Level B has been completed by the student. 
Students with high aptitude in math and science may progress from Level B to Level C within the same 
class without repeating the same material twice. 

The Activity Guides are written to provide a framework for encouraging students to observe and learn 
process skills as well as content. We expect (and hope) that your classroom activities will go beyond our 
programmed Guides. The Activity Guides shoqld be considered a foundation on which your students 
will erect a house of understanding. The house will be shaped differently for each student. Some will be 
grandly constructed with much detail, and others will be simple. In all cases, however, the student’s 
exploration should not be stopped at the foundation. If you develop a novel way to use the materials, 
please let us know; we can then share your discovery with other teachers. 
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Using the Atom Building Game Activities 

The heart of the Atomic Structure Curriculum package is the set of Activity Guides. The photocopy 
masters of these activities are at the end of this package, and should be copied and distributed (one per 
student) to accompany the hands-on activity. Chapters 2, 3, and 4 of this package comprise the 
Teachers Guides for the level A, B, and C activities. The Teacher’s Guide presents the learning goals, 
vocabulary, math skills, and sample data for each activity, as well as some sample answers (and errors) 
for the activity questions. The content of each activity is summarized below: 



Activity Al: Building Atoms: What are nature’s building blocks? 

In this activity, students explore the rules for electromagnetic forces that attract and repel charges. 
They learn that atoms consist of a nucleus with protons and neutrons, and electrons in an outer shell. 
The Atom Building Game board serves as a visual and manipulative reinforcement of the rules for the 
construction of atoms. 



Activity A2: Building Molecules: Putting together nature’s building 
blocks. 

In the second Activity, the students continue manipulating the Atom Building Game board. We now 
study the layers of electrons around the nucleus of the atom. These layers have patterns, and we learn 
that atoms prefer certain arrangements of electrons within these layers. From this, it is an easy jump to 
bonding, and the combination of atoms into molecules in such a way that the atoms are in a more 
preferred state than if alone. We end by combining three Atom Building Game boards to build a water 
molecule. 



GameGl: Atomic Challenge: A game of nuclear reactions 

In this activity, we play a game which reinforces the rules of atomic structure. The rules of the game 
are constructed to make the game fun, while at the same time intuitively building the picture of the atom 
and the forces which hold it together. This game can be played by Level A, Level B, or Level C 
students. In any case, it should be played after completing the appropriate regular activities. 
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Game G2: Photons and Lasers: A stimulating game of laser 

excitement 

In this activity, we play another game which reinforces the rules governing the behavior of electrons 
in the shell of the atom. The students will note that, for all the activity, there is no action involving the 
nucleus — an important concept in understanding the difference between atomic physics (chemistry) and 
nuclear physics. Again, the rules of the game are constructed to make the game fun and intuitively build 
the students’ physical intuition. The game can be played by Level A, Level B, or Level C students. In 
any case, it should be played after completing the appropriate regular activities. 



Activity Bl: Forces in the Atom 

In this activity, students explore the rules for electromagnetic forces that attract and repel charges. 
They learn that atoms consist of a nucleus with protons and neutrons, and electrons in an outer shell. 
The concept of the strong nuclear force (which holds the nucleus together) is introduced, and compared 
to the electromagnetic force (which holds electrons to the atom). The Atom Building Game board 
serves as a visual and manipulative reinforcement of the rules for the construction of atoms. 



Activity B2: Atoms, Isotopes, and Ions 

This is a continuation of Activity Bl. Several important vocabulary items are introduced, as are the 
names for the elements. 



Activity B3: Valence, Chemistry, and the Periodic Table 

In this Activity, the students continue manipulating the Atom Building Game board. We now study 
the layers of electrons around the nucleus of the atom. We examine ionization potentials and the partial 
filling of electron shells, and look for patterns in the sequence of elements. The Periodic Table is 
introduced, and similar patterns to chemical properties are discussed. From this, it is an easy jump to 
bonding, and the combination of atoms into molecules in such a way that the atoms are in a more 
preferred state than if alone. We end by combining two Atom Building Game boards to build a salt 
molecule. 
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Section 1.1: What are Atoms? 

Atoms are the building blocks of matter. 
By understanding how atoms are 
constructed and how they interact, we can 
understand a great deal about the 
materials which make up our world. 



Atoms are the building blocks of all of matter. 
Everything that we see, hear, feel, smell, and 
touch is composed of atoms. Yet an individual 
atom is so small that it takes millions of millions 
of millions of them to make up your fingernails 
or to form the sound you hear when a pin drops. 
Physical and chemical processes that take place 
on our planet, either naturally or by human 



intervention, can be understood by understanding 
the nature of the atom, and how different atoms 
interact to make up the world in which we live. 

Although we will find that atoms are divisible 
into smaller particles, the atom is important 
because it is the smallest piece of matter we can 
divide without losing the chemical properties of 
the matter. For example, we may divide the 
graphite from the ashes in a barbecue into 
smaller and smaller pieces, until we eventually 
have only single carbon atoms. These atoms still 
have all the properties of carbon, and are distinct 
from other types of atoms. If we break the atoms 
apart further, we lose the chemical properties of 
carbon, and the pieces are indistinguishable from 
the particles we would get by smashing any other 
material. 
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Introduction 



Atom 




Electron 


The basic building block of matter, 




The negatively charged particles 


and the smallest unit of an element 




which form the outer shell of the 


that retains the properties of the 
element. 




atom. 





Understanding the atom is one of the most 
powerful tools in the understanding of chemistry. 
The Atom Building Game and Periodic Puzzle 
provide a series of hands-on activities which 
develop basic concepts in an intuitive way which 
most students find accessible. 

The concept of the atom is a difficult one 
to grasp, simply because we are unable to resolve 
the world into individual atoms in our daily 
lives. Unless you work in a specialized 
laboratory, you will never see, touch or feel 
individual atoms. Understanding the structure of 
the atom can be very difficult, because there are 
no simple experiments that can be performed that 
make it clear what atoms look like and how they 
behave. The role of the Atom Building Game is 
to present results from experiments performed 
nearly a century ago, and then to challenge the 
students into understanding how those rules 
work. Once that understanding is developed, 
many practical applications of those results can 
be investigated. 

The atom itself is made of a nucleus and 
electrons. The nucleus is at the center of the 
atom, and it has a positive electrical charge. 
Electrons, which have negative electrical charge, 
live in shells which surround the nucleus. The 
nucleus is made up of protons and neutrons. 



Proton 

The positively charged particles 
which reside in the core of the 
atom. 



Neutron 

The uncharged particles which 
reside in the core of the atom. 



The mass of an atom is due primarily to the 
mass of the nucleus - the mass of a single 
electron is almost 2,000 times less than the mass 
of a single proton or a single neutron. However, 
the nucleus occupies less than 1% of the total 
volume of the atom. Most of the atom is actually 
empty space: if the atom was the size of your 
classroom, then the nucleus would be the size of 
a grain of sand in the center of the room. 



Nucleus 

The core of the atom, which is made 
up of protons and neutrons. The 
nucleus accounts for nearly all of 
the mass of the atom, but only a 
tiny fraction of its volume. 
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Introduction 




Although most atoms are neutral (meaning 
they have no electrical charge), some of the 
constituents of the atom do have charge, namely 
the proton and the electron. Each proton has a 
charge of +1 units, and the each electron has a 
charge of-1 units. Neutrons have no charge. 



Section 1.2: What Holds 

an Atom Together? 

The atom is held together by two 
fundamental forces of nature: the 

electromagnetic force and the strong 
nuclear force. 



The atom is held together by two fundamental 
forces which exist in the universe: the 

electromagnetic force and the strong nuclear 
force. The electromagnetic force is one that we 
encounter in everyday experiences. For example, 
the attraction between the north and south poles 
of a bar magnet is due to the electromagnetic 
force. Electrical charges behave similarly, due to 
the same force: like charges repel and unlike 

charges attract, as in Figure 1.1. The 
electromagnetic force is responsible for keeping 
the electrons attached to the nucleus in an atom. 
Since the nucleus is made of protons and 
neutrons, it is positively charged, while the 
surrounding electrons are negatively charged. 
We have all heard the phrase “opposites attract”: 
since the nucleus and electrons have opposite 
charges, they attract. It is this attraction which 
binds the atom together. 



© 



© 



Electromagnetic Force 

Figure 1.1: The electromagnetic force is attractive 
for unlike charges, and repulsive for like charges. 



The strong nuclear force is one that we do 
not encounter in daily lives, and is somewhat 
more abstract. A logical question is: “If we 
cannot make tangible observations of this force, 
then how do we know it exists?” Actually, it 
comes about from thinking about the nature of 
the electromagnetic force. 

The electromagnetic force is responsible for 
opposite charges attracting, such as occurs 
between the positively-charged nucleus and the 
negatively charged electrons in an atom. 
However, the electromagnetic force would then 
also be responsible for like charges repelling one 
another. The question then arises: how do 
multiple protons live together in the nucleus? For 
example, helium, which we use to fill balloons to 
make them lighter than air, is an element with 
two protons in the nucleus. If only the 
electromagnetic force existed, then we could 
argue that helium could not exist, because the 
protons in the nucleus would repel each other 
and the nucleus would fly apart. However, since 
we know that helium does exist, we know that 
there must be another force which makes the 
nucleus stable. This force is the strong nuclear 
force, (see Figure 1.2). 
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Introduction 




Figure 1.2: The strong nuclear force is the glue 
that holds the nucleus together. Since it is much 
stronger than the electromagnetic force, it can 
overcome the repulsion of the positive charges in 
the nucleus. 



The strong force is an attractive force between 
protons, but also causes and attraction between 
neutrons and between protons and neutrons. 
From common experiences we know that like 
charges repel, so it makes sense that the strong 
nuclear force only acts over distances that are 
smaller than we are used to dealing with. In fact, 
the strong nuclear force acts only over distances 
which are comparable to the size of a nucleus. 
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Section 1.3: Why learn 

About Atoms? 

All the materials that make up our world 
are made up of atoms. By understanding 
how atoms bind to similar or dissimilar 
atoms, we can understand how some 
materials can be made strong, or hard, or 
smooth, or heat-resistant. 



To understand the physical and chemical 
properties of any material on Earth, first we must 
understand the fundamentals of that material: its 
atomic structure. The atomic structure of a 
material can give us information about how well 
it can perform the task we are asking of it. For 
example, if we want to determine whether or not 
a certain material can be used to build a bridge, 
we need to know whether it can hold up under 
the stresses and strains that materials on a bridge 
will face. Knowing the atomic structure of the 
material and how millions of atoms combine to 
form the material can give us this information. 

With the Atom Building Game, we are 
focusing on how the chemical properties of 
materials are determined by atomic structure. 
Understanding chemistry is important for many 
reasons. The chemistry of materials is used in 
many practical applications, such as synthesizing 
new drugs for curing diseases, converting coal 
and natural gases into useful electrical energy, 
and for studying the environmental changes on 
our planet. 

Chemical properties of materials are 
determined by their atomic structure. If we 
understand how atoms are “built up”, then we 
can use that information to determine how atoms 
will combine with one another to form the 

I? 



